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POl/VER  PLANT  DESIGN. 

The  ocjent  of  this   thesis   is   to   find   a  lo£:ical  ray  In 
\7hieh   to   vToree6   In  the  '"'cBlgn  of  a  hydro-olcotrlc  "olant   of 
the   lov'-hoaci    tvpe.  A  method  havinf;-  teen  ascertained, a  plant 

'.ras   then  oonstriieted   accor'^'J ug  to   this  method    and    the   article 
given  helo'f'   is   a  mere   dcsc-^lT>tlon  of   the  plant   in  general  rith 
a  limited   nvri: or  of  c a  1  mj i a t i  o ns . 

LOCATION. 

The  first  thing  rras  to  find  a  suitable  place  of  resonatle 
amount  of  "oorer  and  so  slti\ated  that  a  trF.nsmlssi on  line  of 
150  r.j  les  or  rove   ooulr"  be  used  in  connection  vith  the  plant. 
Having  looked(.  thru  morjt  of  the  United  States  Geological  Survey 
volumes  tinder  the  head  of  "Fater-Su- "jIv  p.nd  I-'rlgation  Papers" 
and  also  sor-e  of  the  Arm.^'  i'eportfc,lt  vas  d-eGid.ed  to  locate  a 
plant  either  on  the  Susquehanna  River  in  Penns'"'lvania  or  on 
the  Chippe^-a  River  in  Morthref--tern  V.'lsconsin.    On  sccount 
of  the  cheapness  of  coal  in  the  f^tate  of  Pe..:.E"lvania  it  vjas 
estlTiated  that  a  h\'-dro-electric  plant  roi.ilc  not  te  a  paying 
pro'/^osition  and  so  it  ras  decided  to  locate  It  upon  the  Chippera 
River. 

The  drainage  arer.  of  the  Chj-pi:iewa  river  has  a  length  of 
180  miles  and  a  mean  ridth  of  GO  miles, the  total  area  drained 
being  S,573  square  miles.     The  greater  oart  of  the  entire 
area  is  heavj  1--'  forested  and  hence  there  is  hut  little  chance 
for  evaporation  of  surface  v^ter. 

All  the  inform.ation  vn'th  regard  to  the  geological  con- 
ditions is  here  ouoted  from  "T'ater  SuodIv  and  Irrigatlo:i  Pa^oer 


!'o.ir.6'':     "The  pre-Cair.trlan  cr'i^stclline  ?"ocr:s  form  the  undcr- 
Iving  sti'Etta  in  the  area  alove  Ohip-oev/a  Palis, rhile  belor  that 
point  they  are  reolacer  tv  Camlrian  san^^^.tone.    The  entire- 
area  atove  Chi^)i)era  Falls  is  eovereC  vith  fclacial  crift,so 
that  the  roch  orJ^  apviears  in  the  river  tec.     The  country  jb 
level  or  rolling;.    In  the  southern  part  the  rivers  have  eroded 
de''-ply  into  the  crlft  and  roc}:,tut  in  the  noi^thern  •••ortion 
they  have  not  eut  rr.u.eh  telov  the  surface. 

""'ith  onl''  a  fev  exceptlonsC  the  riost  notar.le  one  at  Eau 
Claire)  all  the  Tnan-"^  and  inpcrtant  v.-ater  "overs  on  the  OhiToera 
River  are  found  in  the  region  of  the  pre-Camhrian  cr'/stallinc 
rocKs,but  "because  of  the  deep  C'rift  the  "oorers  on  the  upper 
streaws  occur  as  bovlder  rapids. 

"Near  the  small  station  of  Jin  Falls, on  the  Chicago  and. 
northwestern  Ral Ivay, occurs  the  test  opportunity  for  rater 
porer  develo"onent  on  the  Chippe^-a  River.     The  river  flo\?s 
over  a  series  of  granite  ler'ges  1  to  4  feet  hlgh,r.'h11e  the  banks 
seem  to  be  of  the  same  rock, covered  t"  a  fev   feet  of  sandy 
soil, " 

The  above  gives  a  ver-.'  general  statement  of  the  country 
and  for  lack  of  proper  information  t":ere  r/ill  arise  several 
points  rhich  rill  have  to  be  treated  as  alternatives.    Plate  1 
shors  a  contour  map  the  tracing  of  rhich  ras  m.ade  for  mie  by 
the  U.S.  Ceolorical  flurve-"  at  Washington  D.C.,and  from  this 
the  m.ap  shorn  on  Plate  10  "'as  drav.'n.    From,  the  profiles 
shor-n  it  is  seen  that  the  greatest  fall  takes  place  at  Jim.  Falls 


rhere  there  is  a  descent  of  3!;  feet  In  .9  nile. 

HYDRO  aR/.PJIY. 

I:i  0T<5eT   to  hp.ve  b.   gra'^'nlcal  Tx^^Tesentv.tion   of  z'ne   q-u&ntity 
of  vjr.tev   rhlch  actually  flovB  in  the  river, Plates  ?  anri  5  A7ore 
plotted  fror.  the  data  taken  out  of  the  "Wc'.ter  Sun-olv  and  irri- 
gation Paper  No.lTG,"    f'jnce  ther.e  curvcc  cover  a  period  of 
nearly  three  ■'■'ears  re   are  safe  in  making  an  estinate  of  5000 
second,  feet  discharge  prc'id.ed  re   r.alcc  an  allovance  for  soHe 
kind  of  storage.    Plates  S  and  S  f:i"^'c  the  act^xal  depth  of  the 
river  corresponding  to  the  flov  or  discharge  as  given  on  Plates 
S   and  5,     These  curves  shO!=:'  that  the  river  varies  frorr:  4  to 
18  feet  oeev   and  that  it  vlll  he  safe  to  figure  on  a  Liinlinum 
depth  Of  four  feet. 

THE  DEVELOPMENT. 

There  are  tro  r.etho<'''s  vhich  could  he  used  in  the  h-.^draulic 
develo^iiaent  of  this  T^lant;  first  tv  r)lacing  the  rheels  in  open 
penstocks  or  second, Iv  Iru?  Icing  a  ditch  and  "olacJng  the  Y'heels 
in  closed  steel  flunes.     The  first  protiosition  consists  of 
tullding  a  '^oncrete  dar.  465  feet  long  and  43  feet  "'igh  to  the 
first  spillrav  measured  frora  ted  rock  in  the  river  and  then 
holding  the  va.ter  by  tvo  retaining  ral'^SjOne  840  feet  long  and 
the  other  6ro  feet  long  vith  a  riaximum  height  of  50  feet. 
The  second  method  consists  of  building  a  dan  IE  feet  l^igh  and 
bringing  the  rater  5000  feet  thru  a  ditch  20  feet  deep  and  7G 
feet  T-ire  to  a  proper  gate  hou.se  vhere  it  is  led  thru  steel 
flumes  to  the  rheels.     Instead  of  using  a  concrete  retaining 


T'all  for  the  first  prorioplt1on,a  concrete   core  vail  or  a  rov 
of  piling  coulri  be  usef    In  conne-tion  •'•rith  an  earth  retajiiing 
vail, tut   this    is  not    &  •moo.ern  r-ethod   in  hydro-electric   clevelop- 
ncnt   and  is   subject    to    leaks.  To   sumarize:    I'or  the   flrnt 

proposition  there   vill  be   a  large   cla:-   and  tro   lonp;  retaining 
v:alls;    for  the   second,  a  smaller  dan,  a  cUtch,of  the   dlrr.onoions 
given, blasted   out  of  rock  for  the   greater  part   of  the   5000  feet, 
and  finally  some  r^ort   of  suitable   gate  house. 

On  account   of  Jntuffleiont   data  r;ith   rcgart?   to   the   above 
proT^ositions,  it    is   Iraposslble   for  ne   to   estirDate  ^hich  will 
have   the   lover  first   cost.  As    rognrds   to  practice, it  is   so 

varieri   In  the  hvdro-electric   fielr^   that   no   definite   "iiles    can 
be   lair"!   rloT"n.  The   onl'-  proper  vav  to   investigate   such  a 

subject  Foul'"  be   to   go   to    the   rilace   in  cuep.tlon,hc"ve   a  thorough 
f'-pographieal   surve^^^  r.ade,  investigate   the  nature   of  the   grou-:d 
rook, and    soil;    take   into   careful   observation  the  height    and 
general  nature  of  the   river  banks   and  the  best   location  for 
darns   and   the  "oover  house;    and  finally,'"  submit   the   revised   data 
to   a  construction  conpanx'  and  find   out  v'hich  of  the   tro  methods 
VTowlrl  be   cheaper.  Frorr.   the   electrical   and  mechanical  stand- 

points  the  first   rpotjosi  ti.on  is  better  as   the  wheel   reg^jilation 
is   far  more  perfect. 

Assuming  the  cost   to  be  about   the   Frme,re  rill   retort   to 
the  first  method  on   account   of  the  better  reg-ul^^tlon.  Plate 

10   shovB   the  dam  to  be   located  in  the   narjorest   portion  rhere 
the  banks   are   steep.  The  profile   s'-ors   that   the  ^''ater  rill 


tc  tacKer'.  up   appro::: ir.c.tsly  2.2?  Lnlles  ^"hen  the  vater  i.o   on  the 

le\'-el  of  the  lirst   spillrr-T/.  The   outer  heacy  lines   on  plan 

shoT'   the    nev  floori    area.  A  poz-tion  of  this   arep   Is   shovn 

to  better  advantage  on  Plate   11. 

SELPICTION    AND   DIVIHTON   07    UMITS. 

Aspu'friing  5000   ou. ft.    per  seoonc'.  75^/a  efficiency  for  the 

v'heels  the  pover  at  the  vheel  chaft  is  riven  by, 

ngn    X    .75      5000    X    62.2    x    40    X    .75 

H.P.- -    17080    F.P.r2k2800    K.V/. 

550  550 

Since  unc?-er  conditions  of  doslgn  and  market   for  the  poT'er   it 

is   not   desirable   to   p-enerate   over   7,500   K.'A'.    at   full   load    and 

at    .85  pro'-rjrtlal  discharge   (.625  prcr^ortional   gate  oToening). 

Making  an  as;jurnptlon  of  94'^'.!  efficionc'  for  the  alternators 

7500 
the  porer  required    to   drive   then  rill  be =7980   V..V!. 

.94 
If   thiti  is   to  be  generated,  at    .625  proportional  gate  opening 

and  as;  ujning  as   Iot'  a^■   75^-3  for   the  ivheel  e:'f ieiency, the  rrte-r* 

7980 

must  le   al  le   to  produce -12,500   K.7/. 

.85    X    .75 
Assu"1ng  S'w  for  excitation  and  96^')  ef-^iciencv  for  the 
7  500  I.  .o:-- 

exciters  ro  have -r2?5   K.W.    vhinh  v'e  will   call  250  K.Vf. 

£8 
Assurr.in';^  this    'Ooirer  to  be   developed  under  the   same   conditions 

250 

as  above,  the  ^^-ater  must  produce =  392  K.^r.    There- 

.85  X    .75 
fore  there  vill  be  a  total  of  12,892  K.7/.  =17,220  H.P.  to  be 

developed  b^^  the  vater  at  75'J3  rheel  efficiency.     The  ouantiti;- 

17,220  X  550 

in  ciibic  feet  ver   se-ond  for  this  pover  rill  be r 

62.2  X  40 
3810  rhich  is  1190  cu.ft.  per  second  less  than  assuj^ied.    This 

ll'rO 

leaces  a  factor  of  :.cl2,or  in  other  rords  re  could  develop 

SSIO 


Zl.P'^jo   more  po^'-er  than  Ib  nor  unc'or  consideration. 

The  o-atput  of  the  pl?.nt  miipt  te  6/ivl6e,'^   e.mong  severe.],  units. 

The  diviyion  of  units  in  a  h-'^dro  plant  is  eomevhat  larger  than 

In  Kteain  -olants  and,  in  general, depends  upon  the  lead  and  total 

amount  of  poF'-r  being  develo'oed.    Practice  sa^^s  that  four 

units  should  te  a  ir.inirriun.    Dividing  up  the  porer  output  viz. 

7900  K.w.  v'hich  re  may  call  .SOOO  K.r.  re  hax'e  the  folloring: 

4-Units  5-Unns  6-Units 

K.7.  each   POOO  1600  1333 

On  account  of  the  nature  of  the  load,  and  in  order  to 
make  the  first  cost  of  the  station  as  small  as  possible  it  ras 
decided,  to  iise  four  units  of  2000  K.''".  each.    Cince  the 
generators  are  to  stand  SE'-yj  over  load,  constantly  and.  50'-/..  over 
load  for  four  hours, the  turbines  must  be  capable  of  producing 
2580  H.P.  at  .625  gate  or  3350  K.p.  at  ?^;   overload  and  full 
gate.     In  a  plant  of  this  nature  it  ^.'-ould  be  better  to  flgu.re 
on  a  maximum  of  33  50  H.P.  as  the  rheels  rould.  te  rorldng  at  a 
more  efficient  point. 

As  stated  before, 250  K.V^c  335.0  H.P.  is  to  be  used  for 
excitation.     If  this  is  divided  bet^^een  tro  units  each  must 
develop  167.5  H.P.  at  full  load.    Assuj.iing  the  167.5  H.P. 
to  be  generated  at  .835  proportional  gate,t:-e  v.'heel  must  be 
capable  of  developing  200  H.P.  thos  alloring  for  l£.7'.j  over- 
load on  the  exciter.    The  main  rheel  must  develop  3350  H.P. 
and  the  e"c1ters  200  H..P.  each. 

Plates  A,r:   and  6  re  re  n  lot  ted.  from  data  ta'Kon  fr.om  "Turbine 


Y'ater-vmeel  Tests  an.-^  Porer  Tatles(''^3.  No.  130)"  publlsheri 
tv  the  Geolof-ieal  Purvey.    It  i"lii  be  notec'  that  all  these 
curves  are  in  tei^.s  of  a  IG-foot  head,  the  reaoon  l:ejiig  that 
f'le  greater  ^art  of  the  df'to  is   taJcen  from  hvc^raulic  tests 
made  ii-oon  the  v^neels   at  the  Kol"^'o:"-e  Testing  Flur.e,HolvoKe, 
Masr-achusetts,rhore  the  tests  rere  made  under  a  IG-foot  lead. 
Tn  order  to  use  this  data  tvo  "constant"  cu.rves  as  shovn  on 
Plate  7  have  been  constructed.    V/lth  thpss  curves  It  is 
"oossihle  to  find  the  horse  "Oorer,d  is 'Charge  and  soecd  at  any 
other  "bead  rhen  the  rheels  have  a  rated  efficjenc^  of  SO^/o. 
It  raust  be  noted  that  the  curves  o.i  Plates  4, 5, and  6  are  rll 
based  upon  full  gate  o"iening  and  SO'jj   efficienc-^-  of  the  ^i^heel 
as  r-ould  be  obtained  fror.;  a  vertical  turbine  set  close  to  the 
tail  v';:.ter.    ^"hen   horiirontal  turbines  are  connected  in  tandem, 
the  shaftb  rhich  pass  through  the  runners  become  necessarily 
large  in  order  to  carr-"-  the  -ooY'er  safel■',^    The  large  ;;haft 
reduces  the  area  of  discharge  of  a  £iven  size  of  runner, hence 
the  amount  of  rater  discharged  being  reduced, the  out  put  of 
the  -rheel  vill  be  lessened  and  it  --ill  not  be  rell  to  figure 
above  75';.^  ef~i^iency  for  ••^oels  so  -^laced. 

The  generators  are  25-c-"-cle  machines  "^.n^   therefore  must 
r^j.n  at  one  of  the  folloring  speeds:  ISG.  6, 137.  .^.r^l^  ,25vO, 300,575 
R. P.M.    7/ith  these  speeds  and  a  r'-eel  effi^lenc'  of  7F^'b  the 
fol'OFlng  data  ras  tahen  from  Plates  4,5,6,  :^xi6   7. 


BatJngW      Various  -"h'-el;::   for  a  Plvlsdion  of  4  Uhits, 
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The  K.P.  Gonstr-nt  in  thjs  case  is  3.75.    The  H.P.  In  terras  of 

3350 
a  16-foot  lead  = -892  K.P.    Assume  next  t.]i3t  there  are 

3.75 
four  v.'heels  in  tanden;  then  each  v.'heel  vould  rie^-elop 


-222.5  K.P.    Now  on  Plate  4  dra^"  a  horizontal  line  thru 

4 
the  oi'dlnate  222.5  aiid  rhere  it  interf^ects  t   curve  let  fall  a 

pei-pendieular  Z:n6   "'hore  this  cuts  the  X  axis  vill  give  the 

diameter  of  the  ^."heel  directl'^''.    The  saip.e  method  is  car'^-ied 

out  in  the  case  of  the  speeds.    It  is  not  good  practice  to 

use  three  ivheels  because  (1)  thev  become  comparsti\''el3''  large 

and  (2)  manufacturers'  scales  of  prices  are  so  adjusted  that 

turbines  of  mer^ium  sJ2es,56  to  48  inches, r>08t  less  per  horse 


pover  than  60   sizes, either  larger  or  smaller;  (2)  V.'hen  there  Is 
ail  oficl  nttrntcr  of  rheels  v:-^  have  to  compensate  for  end  tl-rust 
or.  the  ode"  turhJne:  and  (4)  the  ■•-e'"Jurr.  size  tui^llncs  of  v-viich 
the  greater  part  are  raanuf  actirred ,  are  likely  to  he  the  most 
relj.-'rle  c-.nd  to  £lve  better  service  thfai  the  larger  }:;lzes. 

Several  01  the  ahove  manufacturers  vera  rrltten  aiic"  replies 
were  received  from  three.    One  firm,  ctate^'^  that  the  dj'^'ision 
of  four  units  ras  ver"""  unpractical  and  that  they  vould  not 
consid.er  such  a  proposition  unless  tne  dj vision  r'ae  increased, 
to  slx,vhjie  another  firm  stated  that  this  fould.  be  a  "verv  fine 
and  up-to-d.ate  installment  in  everv  riet-'ll".    Pict-ares  and. 
a  set  of  data  from  the  Kolyoke  Testing  Flume  rere  received  from 
"D"  and-  blue  prints  frort  "B'' ,  "O",  and  "K".     Firm  D  offered 
t"-o  pairs  in  tandem,  of  their  4<i  1/2  Inch  "'heels  rhJch  rill  give 
0,375  II.  P.  at  250  P.  P.M.    Pirm'C  recorimended' t^"o  pairs  in 
tandem  at  their  44  inch  v.-heels  ?hieh  ^.111  five  400C  H.P.  at 
214  R.'^'.H.    For  the  exciter, firm  B  offered  a  pair  of  IS-inch 
vrheels  d.eveloning  200  E.p.  at  500  R.P.M. 

The  Y'heels  shorn  in  the  drarnngs  are  the  t""o  pairs  of 44" 
turbines  of  n   m^anufaeture.    A  line  of  these  units  rill  reigh 
approxim.ately  110,000  lbs.  and.  rill  cofjt  in  the  neighbor^iood  of 
5,^7,000.00.     The  exciters  are  a  pair  of  16"  B  manufacture, 
developing  200  H.P.  at  500  R. P.M.    A  pair  of  such  units  cost 
S1500.00  and  the  approxim.ate  reight  rill  te  1G,000  lbs. 

As  stated  before, the  rater  rises  to  16  or  18  feet-:he  rise 
being  12  or  14   feet.    On  this  account  it  ras  thought  advisable 


to  niGC^e  the  drrift  tubes  PO ',?"  lon£^,thus  leaving  a  depth  of  water 

of  IC  '10"  ehove  the  center  line  of  the  shaft.    This  is  not 

vei^/   croo6   -firP-Ptlco  tcrause  the  regulption  1r  better  vhen  the 

grer.ter  -p&rt  of  the  liead  is  Eitove  the  rheel  ciif   onl""-  a  small 

portion  telov, 

?or  the  v'^oel  setting  it  vill  be  better  to  quote  e  portion 

of  a  letter  froin  one  of  the  firns.     "The  turbines  rhj  ch  v:e 

quoted 
shOT  in  the  blue  prints  and  on  v-^.ich  '"e  ha\''e^you  are  euuip"ed 

v'ith  balanced  flutter  frates  hinged  betreen  xhe  lo^:'er  case  ring 

and  the  crovn  "'_^late,  said  gates  are  operated  by  means  of  a 

shifting  ring  mechanism  Fhich  does  av.-ay  rith  all  rods  and  levers 

in  the  vater  and  makes  it  possible  to  operate  bv  means  of  a 

drav;  rod  from  the  outside  of  the  fl.iirie  lead  cover.    The 

Y'heels  vould  be  arranged  for  installation  in  an  open  flume  "and 

the  shaft  at  one  end  vould  be  extender'  throi^gh  a  racking  box 

and  supported  in  the  generator  room  bv  ring  oiling  generator 

t^pe  bearings  bevond  v-hich  f-ould  be  provided  a  pair  of  face 

couplings  for  connection  to  generator  or  exciter.    There 

rould  also  be  provided  for  tuildlng  into  the  concrete  Fall  a 

steel  plate  thimVle  ^^ith  flanged  rings  to  which  a  heavily 

ribVed  cast  iron  cover  plate  ■vo^^ld  be  bolted,  said  cover  plate 

to  su'oport  the  housings  i:.  v'^ich  racks  and  pinions  for  operating 

the  gates  are  "rlaced.    The  foot  pounds  necessary  to  operate 

the  gates  on  the  m^ain  units  vould  be  aoproximately  18,000  foot 

pounds . " 

The  governor  to  be  used,  in  oonnertion  ""ith  these  rheels 


is   t-'.'-pe^T   1/2  Lombard  cie^-e loping;  10,  000   foot  poimcB.  This 

v."^-s  renoii'in'enC'er;  X>^r  fhe  coripp-n'"'  tut  It  ~.'Ust  te  notec  that  the 
Zovcr-noT  c'.evelops  onlv  10,000  foot  pounr's  anr"  18,000  c-.ve  re- 
quirec'   to  raore   t'ne   gates.  If  Vein   Is  not   Inrge   enoii.^'h   Tvoe  N 

Lombard  riving  ?1,000  foot  pounds  rhich  is  of  f.inilar  design 
rna-^'-  be   eaeil''^  substituted.  The   c-onnc-ction  fror:  the   governor 

to   the   governor  rod   on  the   turbines   is  iri&de  by  neans   of  a 
sprocket  chain.  The  sprocket  vheel  is   attached   to  a  pinion 

TThich  vorkd  circ-ctly  upon  the   drav  rods.  The   go'^ernor  is 

fitted  rith  a  small  electric  notor  vhlch   is   control Ic:'   fron 
the   bT'itch  board.  The   speed  re  emulation  in  connection  ritV; 

this  motor  is    so   delicate   that   the  nachlnes   can  be   quickly 
sTTichronised.  These   governors   hold   the    load  vithin  3fL 

From  personal  observation  st   some   of  the   large   yiorcr  houses   at 
illagc-ra  Falls,  the   rvcording  tachometer  sho\?ed   the  speed   regu- 
lation to  be  '.-ithin  4'^-. 

The  general  dimensions  of  the  penstocks  V'cre  handed  me  b-' 
the  turbine  manufacturers   as  v^hat   they  thovLght   suitable   for 
their  vheels. 

THS:   DAM. 

The  6PTa   used  jn  this  installation  is  of  the  gravity  tvpe 
and  is  4G5  fe'-^t  long  and  /e  feet  high  to  th'^  first  spillvay. 
The  elevation  ?nd  section  of  the  dam  are  s'.-orn  on  Plate  12. 

Integrating  the  section  AB  of  the  d?m  re  have  an  area  of 
1139  sq.ft.    Assuming  that  the  dam^  vill  be  built  of  1:2:4 
concrete  weighing  14  0  pounds  vct   cu.ft.,the  '."eight  of  the  dam 
proper  is  159,500  pounds.    The  reight  of  the  rater  on  the 


crest  of   the   dam,  asr.uning   It   to  "be   7   feet   deep   is    11  Z   7   Z  62.5. 

4800  poiincs.  Tlie   total   rovrivsrc.   force   is   therefore   164,300 

pounds.  Referring  nov  to   the  graphical   solution  as   ^a/^'en  on 

Plate   12, ve  have  the   follcving: 
40 

T/eight   of  BCK-43   X X  62.5    a  72,000   lbs. 

2 
•'         "    KBK"K'c67    X    5.1    X    62.5  =  21,500       " 

"    "  K 'CBK"      =  93,300   "rpresture  on  d&in 

due  to  the  water.    Laying  these  forces  off  to  scale  as  shorn, 

the  resultant  tecor.es  190,000  r^ounds  and  falling  ^.^'ithin  the 

middle  third  of  the  base  proves  the  ratability  of  x.he  dam. 

The  drav'ings  shor  th' t  there  are  tvo  spillvays,one  300 

feet  long  and  the  other  40 j  feet  long.     The  discharge  over 

the  fjpillray  nav  be  calculated  b-"  the  V-^eir  formula   Q  = 

2/3  c  b  h  12  gh  or    U  h  h.^        rhere  Q  fe  the  quantity  in 

second  feet.    Substituting  the  values  aL  scaled  from  the 

dra- ing, 

<?  =  3.S5  X  300  X  8   -  8730  ou.ft.^o-r  sec.  over  1st.  s-)illray 


Q  =  3.S5  X  400  X  2.82  -4110   "   "   » 

12,870   "   "   " 


over  2nd.  spillv^ay 
total  ouantitv  of 


water  that  can  flor  over  the  dam.    For  draining  and  flushing 

four,  four-foot  sluice  gates  have  been  introduced  in  the  dajn. 

The  Quantity  of  rater  rhi-h  rould  flor  through  these  gates  is 

given  by(5=4(?V)  -4(Fl(2gh)  --here  P  :s  the  area  of  a  gate  and 

h  is  the  jbead  of  rater  alove  it. 

F=  12.  56  and  h  =  35  q-~  4    X  12.56  X  8.02  X  5.91=2580  cu.ft.  per 

second. 


Outic  feet  per  second  over  spillvays             1"B70 

"    "  "    "    trsrou.'rh  Sluice  gates         2580 

"    "  "    "       "    rr.ain  vhecls          3950 

II    II  II    II       II   exciter  "              59 

"    "  "    "       "   sluice  p;ate(ToenstoeK.)   14?10 


Total  nuri'ter  of  cutic  feet       20689 
Reference  to  Plates  2   anc,  3  ^^-ill  ^:Y.ot   that  there  are  only  a 
tevr   intervals  of  the  year  rhen  the  flov  of  the  river  exceef^s 
these  figures  anr?  this  excess  ouantity  ?'ill  he  held  hacK  for 
storage. 

It  rill  he  noter!  ahove,thst  each  pent-:tocK.  has  teen  pro- 
vldee  va  th  a  fhree-foot  sliAlce  gate  for  the  ■our::;cEe  of  draining 
the  penstock  or  heeplng  it  dry  d^ie  to  a  leaK-^  gate.    The 
time  requ.ired  to  enpt"!''  suc^  a  penstock  through  the  sluice  gate 
is  found  hy  the  formula  r'^i=    — .[z^olzrheTe   z.  is  the 

depth  of  the  rater,  F'  area  of  vessel  P''.rallel  to  .surface  of  the 
rater,?  area  of  sluice,  and^,<t^  the  co-efficient  of  efflux. 
Integrating,  t  =   .^  J'f^     -     ^-^-^      (Church.  Mech.  of  Eng.  p 
738).   Substituting  the  values, 

,   __    2   X   2Z    1   44    X   24 

_  274  sec-  4.56  niln. 

.64  X  7.06  X  3.02  X  4.8S 

THF  CrA'UF.S. 

The  head  gates  are  shorn  In  both  the  plan  and  elevation. 

These  gates  are  built  in  tro  portions, each  ;?l:oing  up  and  dorn 

in  Droper  £-uides  built  in  the  concrete  --alls.    In  orcer  to 


strengthen  the  penstock,  I  teams    inbecJ.d.ecl  in  concrete   arc  uEed 

in  the   form  of  l^ean  anc!,  on  these   are   located  the  gate   hoists. 

In  order  to   cal'-.'ulate   the   thickness   of  the  rood   for  these 

gates,  each   piece  may  be   conriidered   as   b  beam  supported  at    txro 

ends    and  since   it   is  u.niforrrily   loaded  ^'ith  the  rater(  presj-ure  } 

re  r.ar  consider  this   pressure  concentrated   at   the   center. 

Assume   a  bear,  to   be   13   feet   long  and  one  foot   high   snd    the 

pressure   exerted  bv  a  24   foot    lead-rould  be   10   X  1  X  24    X  52.5  = 

R'l         W   X    1 
15,000  pounds.  Equating  r.ornents, = .  Assuming 

'  '  [_,  ^~.')  e  8 

r'~  144,000  for  tjnber, 

(144,000)bd    15,0D0  X  10 


6  8 

2 15, 000  X  10  X  6  , 

o! r  .  781. •.  d  =  .8S?5  -  10.6  inches.     This  is  for 

8  X  1^4,000 

"pjhite  ":)ine.  By  using  rrhite  oaK   and    a  safet""^  factor  of  three, 

^ 15,000  X  10  X  6 

(1 .085  .•.  d  =.292  ft.-  3.5  inches.     In  order 

8  X  144  X  2400 

to  have  good  even  lujiber  four  inch  stock  vhite  oak  va::  used. 

In  one  of  the^e  gates  for  each  penstock  is  a  ?-foot  filler  gate 

so  that  the  penstock  rnay  be  filled  first  one  thus  the  pressure 

on  both  sides  being  equal  the  larger  head  gates  may  be  opened 

much  more  easily.    If  each  g-ate  is  10  feet  ride  and  IS  feet 

long, the  total  pressure  due  to  a  24   fo:t  iead  rill  be  10  X  16  X 

16  X  62.5=160,000  lbs.    Tf  .55  is  the  co-efficient  of 

friction  of  v.^ood  on  metal,  the  force  ref:uired  to  raise  the  gates 

due  to  rater  pressure  rill  be  .55  X  160,  0'./  :i  56,  000  -  28  tons. 

To  this  must  be  added  the  reight  of  the  gate  itself, so  in  all 


there  v.^ould  te  a  total  force  of  30  to  7<i:   tons  rculrec  to  lift 
the  gates  vhen  there  is  rrater  on  one  sio'o  '.■nc'.  onl""''  the  ^;;'elght 
of  the  gate  itself  (neglecting  the  buoyancy  effect}  ^'hen  the 
pressure  is  eauallized  cy  vater  on  both  sides.     The  method  of 
hoisting  these  gates  is  shorn  in  loth  the  plan  an^'  elevation 
and  consists  riorelv  of  a  standard  gate  hoist  operated  by  either 
hand  or  motor. 

THE  PO^T.R  HO:;CE. 
The  pore:^  house  is  V^uilt  entirel'"'  of  1:P:4   reinforced 
r'oncrete.     The  building  proper  is  122*  -rir^e   r'_nc\   141'  long. 
On  one  side  are  the  four  main  turbine  penstocks  each  44  '   long, 
,?3  '  -Ide  and  seT)arated  b^-  a  6-foot  vail.    In  the  center  is 
the  exciter  compartment.    This  is  djvjded  into  tvo  smaller 
compartments  each  3  l/p  feet  ride  and  11  feet  long.    The 
east  rail  of  the  pov/er  house  is  8  feet  thicK  and  serves  as  a 
portion  of  the  dem.     Since  each  penstocK.  is  25   feet  vide  and 
assuming  the  v/ater  to  be  2C  feet  deep,  the  total  presr^ire  exerted 
upon  the  vail  in  each  penstock  vlll  be  27>   X  26  X  13  X  62.5^ 
483,000  lbs.     The  foundation  of  the  pover  house  consists  of 
five  conc-rete  arches  each  137  feet  long,  four  having  22-foot 
span  end   the  exciter  one  having  an  18-foot  span.     The  arches 
are  of  an  elliptical  design  the  rise  being  4  l/p.\   erov:n  5  \an(5 
abutments  8  '  thick.     The  --ater  passes  through  the  "oenstocks 
into  the  vheels  anr"  hence  do?-n  the  draft  tubes  in  these  arches 
and  then  out  into  the  tall  race.    In  o:^der  to  i'Qduce  churning 
of  the  vater  v-ithin  the  arches  ''tnd   to  im.prove  the  action  of 


the  wneelSjthe  c-epth  of  the  '-^^ter  Is  Kept  12  feet  telo^'^  the 
end.  of  the  draft  tuhen. 

The  p;enerators  "beJiip;  of  f^-uch  c'ln'^n^lons,  it  tecame  necessary 
to  waKe  s.  nv.i   1? '-3"  long,  r '-5"  long  and  s'  deep  into  the  crovn 
of  the  arch.    In  order  to  '.:.trengthen  the  arch  at  this  poJnt 
I  beaiiis  vere  plr.cod  in  the  concrete  telov.'  the  generator  frame 
and  the  entire  crovrn  v-as  hor.ed  under  and  veil  reinforced  tjy 
rod.s  as  shovn  in  the  elevrAtJon. 

Along  the  ro£t  vail  of  the  generator  room  is  the  avitch- 
coard  gallery  26  feet  long  and  11  feet  vide.    This  is  built 
into  the  rail  on  one  side  and  supported  ty  iron  colimins  on  the 
other.    The  floor  of  the  talcony  is  13  feet  fron  the  floor 
and  Is  of  such  a  height  that  the  operator  can  eaEiily  otserve 
the  operation  of  all  the  raaehines.    The  talcon;''  is  reached 
hy  an  iron  stalrra*"'  from  either  end  an^i  a  third  Iron  stairray 
leads  froi'"  the  lalcon*'"  to  the  high  tension  tus  room  and  to  the 
other  rooms  on  the  second  floor  of  the  frtation.     The  generator 
room  measures  7>l   feet  tylSP  feet  and  is  spanned  hv  a  20  ton 
tr&:veling  crane. 

THE  EL^^;CTPJCAL  EQUIPMENT. 
A.  Generators. 

The  generators  are  of  the  rater-rheol  t^Tiejhave  a  rating 
of  2000  K.T.  at  full  load, --ill  stand  25^   overload  continuously 
and  ^0)i   overload,  for  tvo  hours.    They  are  three-phase  25 
cvGle  machines  running  at  214  T?.F.M.  and  generate  at  12,000 
volts.    The  total  weight  of  a  unit  is  l."r,000  lbs., the 


heaviest  part  v.^elghing  40,000  lbs.  and  the  fly  rheel  ei'fect 
at  one  foot  radius  was  oaloulPtcd  to  be  706,4  00  lbs.    These 
naohines  reouire  105  amperes  excitation  at  IP.":  volts  uhen  run- 
ning 50^.i  overload  and  at  .90  pover  factor.    The  units  are 
coupled  direct li'-  to  the  rater  i^'neel  shafts  bv  means  of  a  flanged 
coupling  rhich  may  be  put  together  or  tf-icen  apart  in  less  than 
five  minutes.     In  order  to  keep  the  voltage  ixp  as  the  speed 
of  the  tiirtine  decreases  r"ue  to  either  the  lead  becoming  lov; 
or  tail  v.--'.ter  backing  up,  it  vas  rieGided  to  iti.n  the  alternators 
on  a  lor  portion  of  the  magnetization  curve  at  lull  load.    As 
the  speed  and  hence  voltage  fall,  the  strength  of  the  fiel'-'^  may 
then  be  increasec',  therebv  holding  the  voltage  to  its  normal 
^'alue.     Of  coi,irse  as  the  speeo  decreases,  the  freauenc""  v^ill 
decrease  but  Pince  the  po^^er  is  being  r-,up"olied  to  rotaries 
for  railray  rork  this  rill  not  be  of  ruch  a  consequence  as 
the  mayimiom  decrease  rill  not  be  over  6%. 

There  are  three  sets  of  exciters  each  being  independent 
of  belt  dri^'e.     In  some  porer  houses,  the  exciters  are  belted 
to  the  Plternator  shafts, but  for  the  most  part  this  is  poor 
practice, for  as  the  speed  of  the  alternator  falls,  the  ^-oltage 
of  the  exciter  rill  elso  fall  rhen  in  realit'^  it  .-hoiild  rise 
to  m.airitain  the  voltage  constant.    if  the  units  are  independ- 
ent of  belt  drive  the  voltage  m.a.-"-  be  varied  at  rill.    As 
stated  pii'-eviously  there  are  tro  v'ater  driven  exciters  each 

rated  at  l?f  K."'.  at  500  P.  P.M.  and  generate  at  125  -olts.    The 

4  X  19  5  X  125 

number  of  K.-.  taken  by  the  alternators  rill  be 

1000 


G7.6  p.o  it  is  soon  that  each  exelter  ^'ill,  be  of  ;aiff1c!ient  capa- 
city Tor   the  entire  plant  Incl.i.ir'ing  station  lighting.   In  add- 
ition to  these  vat.  r  cirl^-en  exciters,  there  is  a  150  K.Y/.  motor 
generator  set.     The  notor  has  G  poles  and  the  I'rcauency  being 
25  cycles, the  s-'mchronoi.iB  speed  rill  be  500  R.P.J.L     This  is 
a  three-phase, variable-speed  inoiictlon  motor  rco/alrlng  440 
volts  n"or  operation.    The  generator  develops  about  145  K.V,'. 
F.t  125  volts.     The  object  of  this  motor  generator  :;et  is  (1) 
for  general  excitation  in  caBC  anv  trouble  occurs  on  the  v;ater 
i^'riven  exciters;  tno  (?)  iCor  charging  the  storage  batt-ery 
s-"-fttein.    The  ob,-iect  of  using  a  variable-speed  induction  n-iotor 
is  (1)  the  indij.ction  type  of  Kotor  is  the  cheapest;  &nr\   (2)   It 
i.Till  be  desirable  to  raise  the  s'oeed  so  as  to  obtain  a  cornr)ara- 
tlvel"^'  high  voltage  vhlch  inust  be  usc"^  In  charging  storage 
batteries  rhere  no  bolster  has  been  Instal.Teo:.    All  three  of 

the  exciters  are  cumulatively  compoimd, the  eotiallEer  svitches 
being  located  at  the  exciter  Instead  of  the  svitchl-oard.     The 
object  of  locating  these  sritehes  here  is  that  the  heav:;-  co:oper 
leads  that  must  be  carric^"  to  the  switchboard  gallery  increase 
the  first  cost  and  for  good  division  of  load, the  equalizer  leads 
should  be  as  short  as  possible. 
B.  The  "Transformers. 

The  main  transformers  are  850  K."'.  ,oll  insulcted  rater- 
cooled,   ransform  from  12000  to  62000  volts, and  arc  of  the 
single-pha-ce  tyioe.     There  are  just  as  raani'-  sets  of  tre-ns- 
formers  as  there  are  alternators, the  object  being  to  have  a 


rTjstinot  unit   fro-   tlie   generator  to   the  'r^i  p'n-terx^ion  "dus.      Cjnce 

the   alternators   are   rater:   at   ?000   K.Y'.    or  norc  properly  2000  K. 

V.A.    anc'  rnll  stand  2500  K.V.A.    continuously   ,  the  size  of  a 

2500 

trtdi&former  to   carry  thi^-    loac'  '"ill  te 853   K.V.A.         The 

3 
transf orFiers   seleeteci  are  350   K.V.A.    f-nd   are   so  huilt    that   they 

rill   fc-tand  50%  overload   for  tvo   hours.  If  any  one   of  the 

trf-Tncforraers  roulc'   be  damaged,  this   one   coulri  te   taXen  out    and 

the   spare  transformer  put   in  its  place   in  lesp   than  tvo  hours. 

Meanv/hile,  the   four  alternators  may  le  used   in  connection  r J  th 

the  remaininf^  three   sets  of  transformers   thus   leaving  the 

service  uninterr-Jipted.  The   transformers   are   connected   '^elta 

on  the  primary  and  Y  on  the   secondaiT.  Jince   the  voltage 

across   anv  ^ohase  on  the  high  tension  side   is   62,000  volts,  the 

62,000 
pressure   across   a  scconrlarv  rinding  rill  te =  38.000  vdlts. 

rs 

38,000 

The  ratio  of  transformation  '''ill  be =3.1G2. 

120 -.^O 

The  three  leads  drop  from  the  loT'-ten;:;ion  transformer  oil 

switch  through /-brass  pipe  corn  to  the  ton  of  f-e  transformer 

case.     On  the  case  is  a  seconc?  set  of  brass  pipe  rhich  carries 

the  rires  forming  the  delta  connection.    The  plan  shors  hor 

the  connections  are  made.     One  v>ry  particular  feature  about 

these  tran&form.ers  is  that  there  is  onl-"-  one  secondary  lead 

brought  ou.t  through  the  case.     Pince  the  high-tension  side 

is  star  connected  the  other  lead  is  grounoeri  upon  the  case  on 

the  inside  of  the  transformer.     The  transformer  cases  are  ^erv 


rell  .-^onne-i^tec  through  a""  1  the  "ater  and  pressure  piping  and 
Gonseouentlv  frive  a  gooc'.  electrical  connection  of  lev  resist- 
ance.   The  advantage  of  so  connecting:  a  transformer  is  (1)  the 
better  insv-lation  ohtained  B.n6   (2)   there  is  no  star  connection 
necessaT^/  outside  p.nC.   hence  there  are  less  "'ires  carrying  high 
lotential. 

The  vater  for  cooling  purposes  coraes  through  du-^licate 
systems  of  piping  fron  the  turline  penstocKs  and  since  the 
height  of  v-ator  is  above  the  trgns former, the  ^'ater  rill  flor 
or  circulate  bv  gravitv.    The  v^arin  water  in   carried  aray  thru 
■wiping  rhich  discharges  in  the  arched  tail  races  directly  be- 
neath.   Each  f-ansformcr  is  fitted  rith  a  four-inch  pressure 
piping  vhich  leads  to  the  tail  race  also.    The  pipe  is  connect 
ed  to  the  top  of  the  transformer  case  and  carries  a  relief  or 
pressiire  valve  rhich  o^oens  one  ray  onlv.    if  a  short  circuit 
should  occur  rithin  one  of  the  cases, the  intense  pressure  of 
the  gases  thus  generated  '•'oulc  open  the  valve  an^'  allor  then 
to  escape  rather  than  blor  the  entire  treuis former  to  pieces. 
The  cases  are  all  tested  to  rithstand  150  lbs.  per  square  inch 
explosive  pressure.     Such  a  transformer  alone  '^eighs  ?9,000 
lbs. 

Each  set  of  transforr^ers  is  located  in  a  pocket  2C  '   X  <6', 
the  i.'.tervening  rails  being  13  inches  thicK.    Tr-e   floor  of 
these  pocKets  has  a  slope  of  ?  l/?  inches  torard.  a  drain  rhich 
is  locate-''  along  the  rest  ^all  of  the  station.    An-'^  v.-atcr  due 
to  leaks  In  the  pi-oes  car'i^yjng  cooline'  rater  rill  be  ■orccerl'"' 


c'.rajne':^  off.    The  transformers  are  located  four  feet  fror. 
all  rails  and  the  nearest  pror.lrltv  of  an'^  tvo  cases  Id  three 
feet.     There  is  suffi?lent  roor.  to  T'ork  around  am'  part  of 
the  tr&iifc former  r^ic^  to  reff.ove  one  anr";  replace  it  hv  tho  spare. 
Reference  to  the  plan  vr.C'   elcatJon  "111  shor  that  t^e  r)ocK:cts 
are  18"  higher  than  the  floor  of  the  entire  plant.    A  small 
car  v'hich  ru.ns  on  a  standard  gauge  track  and  hes  its  top  on  a 
level  "ith  the  floor  of  the  transformer  pockets  is  used  In 
transporting  a  transformer  frorr.  one  place  to  another.    Any 
trtmsformer  may  te  olaced  upon  this  car  ty  means  of  crov/fcars 
and  then  it  may  'oe  carried  to  another  pocket  or  ir.av  te  run  along 
the  track  till  it  comes  to  a  small  turn-tahle.    Here  the  car 
is  turned  st  right  angles  and.  ria^''  he  pushed  out  into  the 
generator  room  rhere  a  crane  may  pick  it  up  and  place  it  on  a 
railroad  car  •'•■>'ich  has  teen  trouo;ht  into  the  ^lant.     The 
transforr.er  roomi  is  35'  ride.  104  1 /2  '  long,  and  17  feet  high  in 
the  pockets.    Besides  the  main  tr'nEforr-ers,  there  are  three 
60  K. V.A. , oil-insulated, self-cooled, single-phase  units, trans- 
forming from  12,000  to  440  volts.    Thes<^  transformers  are 
located  in  the  high-tension  hus  room  and  are  cut  off  the  12,000 
volt  tus  tv  m.eans  of  an  oil  sritch  operated  from,  the  sriteh- 
board.     These  transformers  are  corinected  delta  on  loth  the 
prir.ary  and  secondari'-  sides.    Their  otject  is  to  furnish  a 
source  of  sup'ol-''  for  operating  the  induction  m.otor  generator 
set  and  the  traveling  crane.    These  units  are  54"  hig"%4,'^" 
in  diameter  and  reigh  SS75  pounds  each. 


C.    The    Circuit   of   the   Plant. 

Asi^-aime    the  ultlnr^.te  GaT)aoity  of  the   alternators  rorking 
at    .6   porer  factor  anc-   jjutf-tltutlng  in  the  eqv.ation 

p    -.     {T£  I    end     ,  IS-OO^Icc,    --     tr  XI2,  oco  X.b    XI.'.     T    '    ^^r^^^f^fff^^   "   ^"^  '"^• 

Alluring   1000   cir-rular  -mi  ts  "'^er  anpere  we  must  use   a  .?00, 000 
circular  mi'L    "^able   to   carrv  the   a.tove   current.  The   conr:ec- 

n"on  is  made   at   the   alternator  in  the  proper  pot   lear:   to   this 
2000,000   ciri^ular   rnii  ISOOO   volts,  three-phat:e   oatle.  The 

catle   is   car-^i^.-d  through  a  split   vitrified  du.ct  under  the   floor 

anci    then  taking  a  teni?   of  large  radius   goes  up  the  yall   in  a 
chase   and  finallv  term:  nates   in  a  pot   lyeari  '-here   the   les.ds 
connect   cM--ectl3''  to   the    lor  ten^.ion  gonerator  sritch.  The 

c'-ases   in  the  r-alls   are   covered  •'"ith  a  thin  laver  of  concrete 
so  that   the  cahle  Taav  he   taken  out   at   an''-'  time.  Split   C'uct 

Fas  used   In  preference   to   solifi  hecause  of  the   ease   in  the 
handling  of  the   eatle. 

In  the   loT'er  compartment   of  thl;;  oil   sritch,  taps   are 
taken  off  and    lead  to   tro  potential   tr^iisformers   located   in 
the  harriers   of  the   lor-tension  tus   corn  artments.  These 

transformers   are   conriectcci    open  ci.elta. 

From  the  generator  sritch  the   leads  riass   throu.gh  the   floor, 
teing  sur/oorter!   on  the   ceiling  of  the   transformer  room  anc'   then 
run  to   a  point  oirectly  heneath  the   lov.-tension  bus  tars.        Here 
the   leads   again  pass   through   the  floor  up   into   the  barriers, 
throufrh   current   transformers    and   dis'^^onnecting  sritch   ano   hence 


to  the  loTT  tension  bus.    From  the  lo'- -tension  tus,  leads  run 

to  cUsconnecting  srltrhes  locrter!.  in  the  tarriers  end  hence  to 
the  lor  tension  transformer  s\'itch  rhere  leads  drop  directly 
through  the  flooT^  to  the  transformers. 

The  tv^o  sets  of  s^-itches  mentioned  are  of  the  G.F;.  K  3  type 
having  a  rating  of  J?00  amperes  at  1?,000  volts.    The.'-.e 
srltches  are  operated  tv  small  motors  rhlch  are  controlled 
from  the  srltohtosrd.     The  disconnecting  switches, current 
pnd   poteiitial  transformers  are  also  all  of  G.F.  stand.arc  desi^^. 

The  lor-tenslon  hus  and  tarriers  are  tuilt  up  of  reinforced. 
concrete, the  scheme  being  plainlv  shorrn  in  the  elevation.     The 
reason  for  employing  concrete  for  this  oonstnaction  is  because 
of  the  cheapness  c.nd  the  admirable  ra^""  in  rhich  it  '."ltht;tand.s 
heat  or  fire.    The  entire  bus  compartment  structure  is  2  '3" 
T7ide,6'4"  high  and  84*6"  Ion?-.     The  cor.pe. rtments  in  rhich  the 
busses  are  located  are  10"  r^ide  and  9"  hi£.-h.    In  these-  com- 
partments the  insulators  support  a  horizontal  bus  of  copper 
rhich  carries  three  knife  s^-it'^hes  thus  ctitting  the  bus  up  into 
four  parts.    ^'e  v-iii  asFumie  the  same  current  densitT'-  in  this 
bus  as  "-ar  used  in  the  cable  there  rill  be  4  Z  200,  yOO  =  800, 000 
eircu.lar  •mi  is  rhich  ve  vill  take  as  1,  OOC,  COO  circular  -mllsi 
78r,400  sq.miis  -  .  78F4  sq.ln.    Assvirning  the  cop'oer  to  be 
2"  vide,  it  -ill  require  r  strips  s/S"  thick  clariped  together 
in  the  proDer  v/ay. 

The  connection  to  the  transformerL  vas  described  before. 
The  high-tension  transformer  leads  run  directly  from  the  trans- 


forners  torard  the  Fest  r&ll  end  at  &  poJnt  ? '8"  frora  this  rail 
turn  and.  pass  uprf-rd  through  the  floor  anc  a  oonorete  tube  2 
feet  in  rlameter  pnd  C  feet  high.    The  Tires  are  supported, 
tv  pai^Rlng  throLTgh  the  centers  of  tro  nieces  of  plate  glass 
nounted  rlthin  these  tuhes.     These  concrete  tubes  serve  the 
d.ouhle  purpose  of  insulation  and  };eepjng  a  person  fror.  acnir^eat- 
all-"-  coming  in  contact  ^'^ith  a  yire.    Eircctl'^  above  the  tube 
Is  a  disconnecting  sritch  of  stard.arc  G.E.  practice.    Fron  the 
svrlt^hes  the  lead.s  pass  directly  into  the  high-tension  t'^'pe  G 
V^estinghoiuse  sritch.    It  is  v.'ell  to  note  that  all  the  lead.s 
enter  the  Y'ectinghouse  sritch  at  the  top  and  ras  chosen  as  the 
most  suitable  type  for  the  bus  svEtein  eiriployed.    Another 
feature  on  the  high-tension  sritch  is  that  each  leg  of  a  phase 
is  in  a  corpartment  of  its  orn  svirrounded  by  boiler  plate, rhile 
in  the  G.E.  sYatGh,eaeh  leg  is  in  a  bri-^k  compartment  and. 
small  vood.en  canisters  are  used,  to  hold,  the  oil.    Solenoids 

are  used  to  both  close  and  ooen  these  sritches  instead  of 
motors.     From  these  S'-itches  the  rires  are  tied  directl-"-  to 
the  high-tent  ion  bus  bars  rhich  are  built  of  1/4  inch  copper 
tubing  rell  rrapped  rith  oiled  linen.    This  high-tension  bus 
is  fastened  to  standard  high-tension  insulators  provided  rith 
a  special  part  1n  rhich  tro  bolts  are  fastened.    With  these 
bolts  the  insulators  are  fastened  to  a  10"  channel  bean  rhich 
is  laid  in  the  concrete  rails  of  the  '-slants.    The  insulators 
are  so  designed  that  a  tus  is  at  no  time  nearer  to  ground  than 
tro  feet  and  the  distance  betreen  Tihasot  has  been  arranged  to 


te  six  feet. 

Reference  to  Plate  15  rill  shor  that  the  high-tension  hus 
is  sectlonalizc(?  tetreen  the  tvo  Bets  of  svj  tches,  thus  anal- ling 
tro  alternators  to  fee.'?,   to  each  line  or  all  four  alternators 
to  feed  to  either  one  of  the  lines these  lines  are  in  dupli- 
cate.   The  nearest  ■orozlmlty  of  any  tvo  phases  ahout  the  high- 
tenaion  rork  is  five  feet;  so  there  is  little  danger  unless 
something  extraordinar-'.'  takes  place. 

At  the  north  end  of  the  station  the  high  tension  cus  tars 
drop  do\"n  to  current  transformers  as  shorn  in  section  CD, Plate 
15.    From  here  they  pass  throiigh  the  high-ten<jlon  line  sritch 
and  hence  into  the  lightning  arrester  harriers, through  a  choke 
coil, disconnecting  switch  and  then  to  line.    The  current 
transformer  is  of  a  standard  Y/estinghouse  design  and  is  fitted 
rith  tro  secondaries,  thus  onl'"  one  transforner  heing  needed 
for  the  operation  of  the  overload  relays  and  instruments. 

Sections  CD  and  EF  give  an  idea  of  the  lightning  arrester 
barriers.    The  line  goes  through  a  piste  of  glasf  three  feet 
in  diameter  mounted  In  the  rail  as  shorn. Going  torard  the 
station, the  line  passes  through  a  sectlonali zing  sritch  of 
standard  design, then  through  ^.  choke  coil  consisting  of  19  1/2 
turns  of  coT:>:oer  rire.     Just  helo?-  this  coil  the  main  line 
goes  to  the  line  sritch  and  a  tap  is  taken  off  and  runs  telor 
the  floor  level  rhere  it  connects  to  a  dis'r-onnecting  s"'ltch 
mounted  on  the  ceiling  of  a  r-om.partment  helor.     The  other 
side  of  this  sritch  connects  directly  to  a  potential  transformer 


throu.rh  fvisec"   clmuJt  Tnrofikers.  These  tr^nc formers  are 

con/'.ccter    oven  r'elta  ruvj   are   locate^'    in  a  ^'ompartrnent  ty  their- 
selves. 

The   li^litnlnp-  arrentert   are  proviriod.  v-ith  C'ls^'onueoting; 
sTTi  tones   so   that   they*  ■may  te   entirely  cut   from  the   line. 
These   arresters   arc  of  tvpe  G.J;.    forra  V, shunt   resistance, 
nultiplex,  star  oonaeete''-   v:  th  neutral   grounded.  The   outer 

portions   of  the   lightnin?;  arresters   are   IG '5/I6"    long,  the 
raldr'.le   leg   is   18 'c    f/l6"    long  pn6   the   (disconnecting  s^'itehes   are 

38"    long  so   that   the   total   length  of   the  nldo'le   or   longest   leg 

is   PI  '11   5/IS". 

D.    Sri  tchloarr'   anc'    -'iring. 

The   sritchhoard   Is  tuilt   of  1   l/?"  1  lue   Verrr.ont  r.c.rVle, 
is   7 '6''   h^'gh   and   14 '8"    long.  The  panels    are  mounted  on  pipe 

set   an   Inch  or  more   from  the  nartle   so   thet   all   control   and 
Instrument  rires  m.a-"'  be   Tvn  r'iroctlv  against   the  panels. 

The   panels   a"e  equippec    rlth  the   fol"^orln5r  Instruments: 
(  a  )Generator(4    in  nurnter),?   amiueters,  ( 1  jCl  rect   current   field 
arL-::eter,  (  1  )pol3^phase   Inc'l eating  rattrneter,  ( 1  )po^"er  factor   indi- 
cator, ( 1  jvoltineter:      ( 1  jvoltr.eter  sv:itch  for  oltaining  the 
voltage  on  any  phase;    (  1  ^synchronizing  receptacle;    0:^1  srltch 
control  V  ith   red  and  green  in'^-l eating  lamps;    (1)200   am.pere 
carbon  rreak  fielf   s^-itch  -"ith  cisrharge   terminals   ann   resist- 
ance;   (l)2r   an-oere   D.P.P.T.    srltch  for  operating   the   electric- 
ally controlled  rheostr.ts;  ( 1  )15   amroere  D.P.P.T.    srltch  for 


governor  control;  ( X  joverload  and  tlraelirnlt  relays(rriOx:.nt  d  on 
rear  of  panels).  B-Mne  Pancls(?  in  number).  (3}anreters;  (1) 
graphic  recording  vr^ttmeter;  (l)coutrol  sv-jtch.    On  the  rear 
of  each  of  these  panels  is  a  polyphase  intej:.rating  ^-'attmeter 

and  the  over  load  and  time  llr.;lt  rela-^'-s. 

C-Exciter  panels(?  in  nurnter).    Each  panel  has  a  1200  anpere 

D.P.o.T.  exciter  sritch,a  shunt  field  s^;  itch,  an  a-ir.eter  and  a 

voltnoter  svitch  for  ottaining  the  tus  har  -"oltage  or  voltage 
of  an  inconing  machine.     The  panel  to  the  extreme  left  has  in 
adr'ition,a  1?;00  ampere  tie  ;ritch,a  sritch  for  charging  the 
storage  tatteries,a  switch  for   throring  the  hatteries  on  the 
operating  l"us  and  a  storage  hattei^r  arr-eter  having  the  zero  in 
the  center  of  the  scale.    On  the  lorer  slabi^' ,or '  the  other 
tv:o  panels  are  the  440-volt  l^us  tars,rhich  connect  c'irectly 
rith  the  60  K..'.V.  transfon^.ers.    On  the  center  panel  is  a 
5  P.C.T.  30  0  £impere,440V  sritch  for  operating  the  crane  and  in 
the  center  of  the  upoer  slab  is  a  100  ampere  svitch  for  station 
lighting.     On  the  lorer  slat  of  the  right  hand  paxiel  is  a 
500  ampere  T.P.r.T.,440  V  svitch  for  operating  the  miotor 
generator  set.    An  A.O.  amj-neter  has  te?n  provided  so  that 
the  operator  ma^--  observe  the  motor  loading.    A  lighting 
sritch  has  been  provided  on  this  panel  Leing  similar  to  the 
sr'ltch  on  the  center  of  the  middle  exciter  ■')r-inel. 
D-  Cringing  brae Ket  contains  the  s-"nchrosGO"oe  and  the  exciter 
•^'oltmeter. 


V/lring  diagram. 

This  is  sho"-n  in  Plate  16  and  since  all  -onneetJons  are 
E'r.ovn, requires  verv  little  exolenation.  In  oro'er  that  the 
scr^'ioe  nay  renal  n  unj  ntcrrurptef ,  the  excj  ters  a]^e  tier'  <?irectly 

to  the  exciter  ttis  vithov.t  circuit  trcaker  or  fuse.     The 
shunt  fields  are  excitec  fron  the  hus  and  conseauentlv  the 
TT.aohine  rill  al^'ays  eorr.e  up  to  voltage  "Ith  the  proper  polarity 
in  the  s'-ortest  possil'le  time.     The  rheostats  for  the  entire 
nl&nt  are  of  the  woodpecKer  t-^pe  and  a^'e  located  in  a  rell 
ventilated  duet  diT'ectly  heneath  the  svitchtoar?  gallery.    Bv 
o'oening  the  bus  tie  sritch  the  storage  tatteries  are  charged 
froi^  the  motor  generator  set.     This  s'jtI  toh  '^^s   installed  so 
that  the  motor  generator  could  he  cut  from  the  exciter  hus  when 
char^;,ing,ior  the  voltage  then  recraired  night  he  10  to  20jd 
higher  thsjri  that  of  the  bus.    By   closing  the  bus  control 
svitch, battery  and  tie  :■. vetches, the  batteries  can  be  made  to 
float  on  the  exciter  system.     The  -^^oltneter  svitch  is  of 
special  design  and  may  indicate  the  bus  bar, storage  batter^'- 
or  the  incoming  m.achine  voltage. 

The  instruments  on  the  generator  Toanels  are  all  of  standfird 
G.F.  design.    The  overload  rela'"'s  ""ere  maced  on  the  rear  of 
the  board  so  as  to  be  isolated.    The  clothing  of  an  operator 
is  liable  to  brush  against  the  trl""M)ing  device  and  thus  open 
an  oil  sritch  rhen  un^-'er  load  thereby  c&using  an  undesirable 
delav  in  the  service. 

'Vith  the  three  a:  meters, pover  factor  indicator  and  volt- 


meter  on  r.n-"-  "ohase  and  the  polyphase  indiortlng  vattin^eters  ve 
can  check  tho  output  of  each  iTiaohlne.    The  three  anrr.eters 
v^ere  placed  upon  the  feeders  so  that  the  operator  could  tell, 
at  a  glance, the  load,  and  to  see  if  the  phases  v^ere  talanced.. 
The  jp:rap'''lo  recording  rattm.eterrv  rere  in^jtalled  so  that  a  con- 
tlnous  load  curve  of  the  plant  r:i;_r:ht  alv'i:.ys  he  on  hand  f.nd  the 
Integrating  vattneterE  rere  usee,  so  that  the  pcver  for  a  definite 
iDeriod.  ma"^''  be  obtained.. 

A  glance  at  Plato  16  vill  shor  that  each  alternator  may 

be  run  as  a  separate  unit  up  to  the  high  tension  b".-.s.    A 
duplicate  bus  v:as  consid.ered.  but  for  this  size  of  load  and  the 
nature  of  the  service  it  vas  cnneluded.  that  the  system  shown 
T'ould  be  practically  as  good.    The  lo~'-tenslon  eojicrete  bus 
T-ork  is  so  built  that  a  duplicate  set  of  lov  tension  bus  bars 
could  ver'r  easily  be  installed.    60,000  volt  potential  trans- 
formers are  shorn  in  the  various  vleys  of  the  installation  but 
the  first  cost  could  be  n-^terially  decreased  if  l.^.OOO  volt 
transformers  of  the  proper  v>atio  rare  used  instead  and  placed' - 
at  the  point",  jrist  before  the  lines  enter  the  transformers. 
All  the  instruments  and  sv.'ltehes  vlth  the  exception  of  the 
exciter  srit^hes  are  fused  on  the  rear  of  the  board  b^-  }\.E. 
Code  enclosed  fuses. 
Miscellaneous. 

A  boiler  room  is  shorn  on  the  plan.    A  40  H.P,  toiler 
has  been  installed  for  general  heating  purposes  and  for  tharing 
the  turbines  out  in  case  of  a  freeze.    The  heating  pir)es  are 


placod  along  the  vails  or  the  various  rooms  anC  a  2jea(?er  is  run 
to  each  penstock  '"here  a  flex? tie  connection  ce:.  te  made  to 
the  turtines  and  any  part  subjected  to  live  steam.    A  coal 
tin  1?!.  r 'x7  '  is  filler-'  throi^gh  a  coaling  door  from  the  exterior 

of  the  plant  and  hol'^'s  enough  coal  for  a  four  ^eeks  '  run. 
Tv.'o  doors  have  teen  provided,  in  the  entrance  to  the  toller 
ro'-'m  so  that  all  dirt  and  smoke  may  te  kept  from  the  rest  of 
the  plant. 

Atove  the  store  room  on  the  second  floor  are  a  lavatory, 
locker  room,f^tore  room  and  storage  tatter:/-  room.    The  storage 
tattery  room,  ras  thus  located  so  as  to  have  the  test  possltle 
advantages  of  ventilation  F-.nd  isolation  and  also  to  have  the 
advantage  of  good  day  light. 
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